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IHTBCDUCTIOH 

Previous investigations of load fouling havo indicated that 
some advantages may result if tho concentration of ethylene dibro- 
nide in aviation fuel is increased abovo the 1-T concentration 
currently used. (l-T or 1 theory of othylene dibroraide Ib tho 
chenically correct amount required to combine with tho totraothyl 
lend in r. fuel to convert all tho load to lead bromide.) Tho use 
of fuel with the othylene-dibronide contort increased from 1 theory 
to 1.5 theories has resulted in decroc.sod load fouling of the spark 
plugs in aircraft engines. Tho results of tests reported in refer- 
ence 1 show that, when ethylene dibronido in oxcqbb of the amount 
theoretically required to combine with tho load in the fuel was added, 
hot corrosion of tho exhaust- valve crown and material deposits on 
the piston and tho spark plugs were reduced. 

Tests with on air-cooled, c ingle- cylinder engine (reference l) 
showed no reduction in the 3aiock>*llnited power of an AIWH-28, 
Anor.dnent-2, fuel when the othylene- dibromide concentration was 
increased from 1 theory to 2 theories; howovor, during tosts per- 
formed at the HACA Cleveland laboratory on lead fouling of spark 
plugs, the knock-limited power of a CPE engine decreased when 
ethylene dlbromlde was added to nonleaded S referonco fuel. 

These observations su gg ested the possibility that the effect 
of ethylene dibromide on the knoote-limited power of an engine might 
depend upon the concentration of totraethyl lead in the fuel. Tests 
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vera therefore conducted on a CFR (F-4) engine to determine the 
effect of ethylene dibromide on the knock- limited performance of 
S reference fuel, both nomleaded and leaded to 6 ml TEL per gallon. 
The teats reported herein vere made at the NACA Cleveland labora- 
tory during October 1944 as part of an investigation of lead foul- 
ing of spark plugs requested by the Air Technical Service Command, 
Army Air Forces. 


APPARATUS AND TESTS 

The knock tests were conducted with a modified F-4 engine. 

The modifications involved only details of scans of the engine aux- 
iliary systems. 

Air consumption was measured by a calibrated orifice, fuel 
consumption was determined by an automatic time-weight method, and 
temperatures were measured by chramel-alumel thermocouples. An 
alternating- current, induction- type dynamometer was used to measure 
torque. Knock was detected by a magnetostriction-type pickup unit 
(attached to the cylinder) in combination with an amplifier and a 
cathode-ray oscilloscope. The knock intensity selected to establish 
the knock limits of the fuels was the intensity that caused the 
first perceptible indication on the oscilloscope; this intensity 
was below that for audible knock. 

The knock tests were performed with the following F-4 operating 
conditions maintained: 


Engine speed, rpm 1800 ±45 

Compression ratio 7*0 

Spark advance, degrees B.T.C. 45 ±1 

Spark-plug gap, lnohes 0.015 to 0.025 

Coolant temperature, °F. . . . 375 ±5 

Inlet-air temperature, °F 225 ±5 

Lubricating-oil temperature, 9F. . 165 ±5 


The humidity of the inlet air was not in exoess of 70 grains of 
water per pound of dry air. 

Knock-limited indicated mean effective pressure was determined 
over a range of fuel -air ratios for S reference fuel containing 
6 ml TEL per gallon with the following concentrations of ethylene 
dibromide in milliliters per gallon: 0, 2.67 (l-T), 4.01 (1.5-T), 

and 5.34 (2-T). Similar tests were also run using S reference fuel 
containing no tetraethyl lead and with ethylene - dibromide concen- 
trations of 0, 2.67, and 5.34 milliliters per gallon. Comparisons of 
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knock- limited performance were made only among fuels tested on the 
same day. Corresponding bracketing standard reference-fuel curves 
were run for the knock-test, data obtained on eaohday. 


RESULTS AND DISCUSSION 

Knock- limited performance data obtained under F-4 operating 
conditions for leaded and nonleaded S reference fuel containing 
different concentrations of ethylene dlbrcmlde are presented In 
figures 1, 2, and 3 and table I summarizes the knock- limited per- 
formance data presented In these figures. The table gives, at 
several fuel-air ratios, the relative knock-limited powers of the 
leaded fuel vith the different amounts of ethylene dlbrcmlde with 
respect to the knock- limited power of the leaded fuel containing 
1 theory of ethylene dlbrcmlde. The table also gives the relative 
knock- limited powers of the nonleaded fuel with the different 
amounts of ethylene dlbrcmlde with respect to the knook-llmlted 
power of the nonleaded fuel containing no othylene dlbrcmlde. 

Figure 1(a) ahows that no appreciable difference In the knock- 
limited power of S reference fuel containing 6 ml TEL per gallon 
was found when the ethylene - dibr am 1 de content was decreased from 

1 theory to 0 theory; nor was there any appreciable difference 
(see fig. 1(b)) when the ethylene-dibromlde content was increased 
from 1 theory to 1.5 theories. A decrease in knock-limited power, 
shown In figure 1(c), of approximately 8 percent at lean fuel-air 
mixtures and 6 percent at rich fuel-air mixtures occurred, however, 
when the ethylene dlbrcmlde was increased from 1 theory to 

2 theories. 

The knook- limited performance data showing the effect of 
additions of 2.67 and- 5.34 milliliters of ethylene dlbrcmlde per 
gallon (amounts equivalent to 1 and 2 theories, respectively, for 
a tetraethyl lead oontent of 6 ml/gal) to the nonleaded fuel are 
presented In figure 2. The knock- limited performance of nonleaded 
S reference fuel was reduced by the additions of ethylene dlbrcmlde 
except at very lean and very rich fuel-air mixtures where little 
change was detected. The reduction In the knook-llmlted performance 
of the fuel was greater with the larger addition of ethylene dibro- 
mide. Changes in the knock- limited power of the nonleaded fuel for 
differences of 2.67 milliliters per gallon in etbylene-dibrcmide 
content were relatively small but were reproducible. 

Figure 3 presents knock- limited performance data obtained In 
cheok tests; the data check the results shown In figures 1 and 2. 
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An increase In the ethylene- dibrcmide content f ran 0 to 
5.34 milliliters per gallon decreased the knock-limited power of 
both the leaded and the nanleaded fuel approximately the same 
amount (6 to 9 percent depending upon the fuel-air ratio) except 
at very lean and very rich fuel-air mixtures where little change 
In the knock- limited power of the nanleaded fuel was detected. An 
increase in the ethylane-dlbrcmide content from 0 to 2.67 milli- 
liters per gallon decreased the knock- limited power of the non- 
leaded fuel as high as 6 percent depending upon the fuel-air ratio 
(except at very lean and very rich fuel-air mixtures where little 
change in knock- limited power was detected) but had no appreciable 
effect on the knock-limited power of the leaded fuel. An increase 
from 0 to 4.01 milliliters per gallon of ethylene dibramlde also 
had no appreciable effect on the knock-limited power of the leaded 
fuel. 


SUMMARY OF RESULTS 

The results of tests made with a modified F-4 engine using F-4 
operating conditions to determine the effeot of ethylene dibrcmide 
on the knock- limited performance of leaded and nonleaded S refer- 
ence fuel are summarized below. The tests were made with slight 
deflations from the strict F-4 instrumentation end knock-rating 
procedure. The knock intensity selected to establish the kno ck 
limits of the fuels was determined by an oscilloscope method and 
was below that for audible knock. 

1. An increase in the ethylene-dibrcmide content from 0 to 
5.34 milliliters per gallon (0-T to 2-T for 6 ml TEL/gal) decreased 
the knock- limited power of S reference fuel, both nonleaded and 
leaded to 6 ml TEL per gallon, approximately the same amount (6 to 
9 percent depending upon the fuel-air ratio) except at very lean 
and very rich fuel-air mixtures where little change in the knock- 
limited power of the nonleaded fuel was detected. 

2. An Increase in the ethylene-dibrcmide content from 0 to 
2.67 milliliters per gallon (0-T to 1-T for 6 ml TEL/gal) decreased 
the knock-limited power of the nanleaded S reference fuel as much 
as 6 peroent depending upon the fuel-air ratio (except at very 
lean and very rich fuel-air mixtures where little change in the 
knock- limited power was detected) but had no appreciable effect 

on the knock- limited power of S reference fuel leaded to 6 ml TEL 
per gallon. 
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3* An increase from 0 to 4.01 milliliters per gallon of 
othylono dibromide (0-T to 1.5-T for 6 ml TEL /gal) had no appre- 
ciable effect on .the. knock-limited power of S reference fuel leadod 
to 6 ml TEL per gallon. 


Aircraft Engine Ha a e arch. Laboratory, 

national Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE I - SDMMAET OF THE EFFECT CF ETHILENE DIBHOMHE 
HT LEADED AND NCNLEAZED S REFERENCE FUEL ON THE 
KNOCK-LIMITED POWER OF A CFR ENGINE UNDER 
F-4 OPERATING CONDITIONS 

[Where two values are given in the table for the sane 
determination, the second value was obtained frcm a 
check run] 


Leaded S reference fuel 


Ethylene 
dibramide in 


S reference 
fuel + 6 ml 


Relative power 3 


Fuel-air ratio 



0.062 

m 

.. .. 

0.090 

0.110 

2.67 (1-T) 

1.00 

1.00 

1.00 

1.00 

0 (0-T) 

0.98 

1.00 

1.01 

1.01 

1.00 

4.01 (1.5-T) 

1.01 

.99 

1.01 

1.00 

MSSSM 

BBtbI 

1.01 

1.00 

5.34 (2-T) 

0.92 

0.91 

0.94 

.95 

0.95 

.93 

Nonleaded S reference fuel 

Ethylene 
dibramide in 
nonleaded S 
reference 

Relative 

power* 1 


Fuel-air 

ratio 


fuel 

(ml/gal) 

0,062 


0.090 

0.110 

0 

1.00 

1.00 

1.00 

1.00 

2.67 

0.98 

0.96 

0.94 

.96 

0.97 

.98 

5.34 

0.97 

0.92 

mmm 

m 

0.97 

.96 


S + 6 ml TEL + test concentration of ethylene dibramide' 


imep (S + 6 ml TEL + 2.67 nil ethylene dibramide (1-T)) 
3 lmep (S + test concentration of ethylene dibramide) 


imep (S) 


National Advisory Committee 
for Aeronautics 
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Knock-1 Imttsd Indicated mean effective pressure, lb/sq In, Knock-limited lnlet-alr pressure. In. Hg aba 



*10 .11 .12 .15 .14 

Fuel-air ratio 

e concentrations, I and 1.5 theories. 

f ethylene dibromide in S reference fuel leaded to 6 ml TEL per 
mance of a CFR engine. Engine speed, 1800 rpm; compression ratio, 
; coolant temperature, 375° F: inlet-air temperature, 225° F. 







Knock-limited Indicted neen effective preesure, lb/sq In. Knock-limited lnlet-elr preeeupe, in. Hg ebe. 
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Fuel-air ratio 

(c) Ethylene-dibromide concentrations, I and 2 theories. 

Figure I . - Concluded. Effect of ethylene di'oromide in S reference fuel leaded to 6 ml TEL per 
gallon on knock-limited performance of a CFR engine. Engine speed, 1800 rpm; compression ratio, 
7.0; spark advance, 45° B.T.C.; coolant temperature, 375° F; inlet-air temperature, 225° F. 



Knock-United indicated mean effective pressure, lb/sq in. Knock-limited inlet-eir pressure, in. Bg abs, 
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Figure 2. - Effect of ethylene dibromide in nonleaded S reference fuel on knock-limi ted per-, 
formance of a CFR engine. Engine speed. 1800 rpm; compression ratio, 7.0; spark advance, 
45° B.T.C.; coolant temperature, 375° F; inlet-air temperature, 225° F. 



Knock-Halted Indicated mean effective pressure, lb/sq In. Knock-1 lsil ted lnlet-alr pressure. In. Bg aba. 
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Figure 2. - Effect of ethylene dibromide in nonleaded S reference fuel on knock-limited per- 
formance of a CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; spark advance, 
45° B.T.C.; coolant temperature, 375° F; inlet-air temperature, 225° F. 






Knock-limited Indicated mean effective preasure, lb/aq In. 



Fuel-air ratio 

Figure 3, - Check curves for date presented In figures 1 and 2. 







